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(54) Method and apparatus for the lamination of band-shaped uncured rubber materials 



(57) In the lamination of band-shaped uncured rub- 
ber materials to form a laminated rubber member having 
a given sectional shape by helically winding a band- 
shaped uncured rubber material extruded through an 
extruder (2) on a rotating support (1), two or more rubber 
compositions (A-C) exhibiting different moduli after cur- 
ing are used as a rubber material fed to the extruder (2). 
A first rubber material (A) is extruded through the ex- 
truder (2) and helically wound on the support (1) to form 



a first rubber layer. Then the first rubber material (A) and 
a second rubber material (B) are fed continuously and 
simultaneously through the extruder (2) so as to step- 
wise or gradually increase the blending ratio of the sec- 
ond rubber material (B) to the first rubber material (A) 
while holding the same extrusion sectional shape and 
helically wound on the first rubber layer while overlap- 
ping with at least a part of the first rubber layer, to form 
a second rubber layer. 
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Description 

[0001] This invention relates to a method and an ap- 
paratus for the lamination of band-shaped uncured rub- 
ber materials, and more particularly to a method of ex- 
truding two or more uncured rubber materials having dif- 
ferent moduli (modulus of elasticity) after the curing 
through an extruder and laminating the extruded band- 
shaped rubber materials on a rotating support to form a 
set of rubber members and an apparatus for realizing 
such a method. Particularly, the invention relates to a 
method and an apparatus for the lamination of band- 
shaped uncured rubber members in the building of a 
pneumatic tire. 

[0002] In the production of the composite comprised 
of various rubbers, a step of laying various uncured rub- 
ber members is required prior to the curing of the com- 
posite. This is applied when the composite is comprised 
of various rubbers and various reinforcing materials. In 
pneumatic tires, the composite is comprised of a rein- 
forcing member such as a rubberized cord or the like 
and various rubber members. In a tire building step prior 
to the curing, therefore, there is provided a green tire 
formed by laying uncured rubber materials and reinforc- 
ing materials such as uncured rubberized cords and the 
like. 

[0003] At present, there is a tendency that properties 
required in rubber composites inclusive of the tire are 
highly advanced and more diversified. And also, mem- 
bers constituting the rubber composite and members 
constituting the tire are more diversified in accordance 
with such a tendency. Therefore, it is obliged to more 
complicate the molding step. As a result, the complete 
automation of the molding step is difficult and it is still 
the present state to require hand work. However, as the 
hand work is added, a big improvement of molding effi- 
ciency can not be attained and the accuracy of laying 
various materials lowers. Particularly, in case of the tire, 
the laying accuracy depends upon the quality of the tire, 
so that it is strongly demanded to improve the laying ac- 
curacy together with the improvement of the molding ef- 
ficiency. 

[0004] In order to satisfy these demands with respect 
to the tire, JP-B-7-94155 proposes a method and an ap- 
paratus wherein an outlet orifice of a volumetric extruder 
is located in the vicinity of a position of arranging rubber 
material on a rotating support and the rubber material is 
directly extruded through the outlet orifice of the volu- 
metric extruder onto the rotating support. 
[0005] On the other hand, the high advancement and 
diversification of the properties required in the tire and 
the other rubber composite demand optimum properties 
in rubber used in each member constituting the tire and 
each part constituting the rubber composite. As a result 
of satisfying such a demand, there is caused a differ- 
ence in the property between adjoining rubbers such as 
a considerably large modulus difference or the like. 
[0006] With respect to the tire, joint face indicating a 
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large modulus difference is existent.in a greater part of 
the tire. Therefore, when the tire is run under loading 
over a long distance of several ten thousands kilom- 
eters, strain repeatedly and concentrically acts to these 
joint faces over a long time. As a result, troubles such 
as separation and the like are easily caused in the joint 
faces to lower the durability. 

[0007] However, the above publication does not men- 
tion such troubles and the countermeasure for holding 
or improving the durability at all. On the other hand, in 
the rubber composites inclusive of the tire, the durability 
and the other properties are conflicting with each other. 
That is, if it is intended to improve the durability, the other 
properties are degraded/while if it is intended to improve 
the other properties, the durability is degraded. There- 
fore, each of the rubber composite is made of a rubber 
composition having a proper plan compromised be- 
tween both the properties, so that optimum plan of each 
rubber composite can not be realized at the present 
[0008] As to this type of the problem, JP-B-40-24384 
suggests a method of solving such a problem. That is, 
this publication proposes a method wherein a given por- 
tion of a tire is formed while gradually changing from an 
uncured rubber material to another uncured rubber ma- 
terial when plural different uncured rubber materials are 
laid on an uncured carcass member. 
[0009] In the method disclosed in the above publica- 
tion, however, there are used the number of breakdown 
mills corresponding to the number of plural uncured rub- 
ber materials and a blending mill for blending these un- 
cured rubber materials, so that a vast space is required. 
And also, uncontrollable deformation is caused in vari- 
ous uncured rubber strips between the breakdown mills 
or between the blending mill and a laying position of the 
uncured rubber material. For this end, it is very difficult 
to lay uncured rubber members having a precise sec- 
tional shape on the uncured carcass member. There- 
fore, the method described in the above publication can 
not be applied to the molding automation. 
[0010] It is, therefore, an object of the invention to 
solve the aforementioned problems in the manufacture 
of the tire and other rubber composite and to provide a 
method for laminating band-shaped uncured rubber ma- 
terials in a high productivity capable of establishing the 
sufficient holding of the durability in the tire or the other 
rubber composite and the application of optimized ly 
planed rubber composition to each rubber material and 
realizing highly precise given sectional shape and ar- 
rangement of each rubber material on the premise of 
space saving and molding automation. 
[0011] It is another object of the invention to provide 
an apparatus for simply and compactly laminating band- 
shaped rubber materials in a low cost for realizing the 
above method. 

[0012] According to a first aspect of the invention, 
there is the provision of a method of laminating band- 
shaped uncured rubber materials to form a laminated 
rubber member having a given sectional shape by hel- 
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ically winding a band-shaped un cured rubber material 
extruded through an extruder on a rotating support, 
which comprises using two or more rubber compositions 
indicating different moduli after the curing as a rubber 
material fed to the extruder; 

extruding a first rubber material through the extrud- 
er and helically winding it on the rotating support to 
form a first rubber layer; and 
continuously extruding the first rubber material and 
a second rubber material through the extruder so 
as to stepwise or gradually increase a blending ratio 
of the second rubber material to the first rubber ma- 
terial while holding the same extrusion sectional 
shape and helically winding on the first rubber layer 
while overlapping with at least a part of the first rub- 
ber layer to form a second rubber layer. 

[0013] In a preferable embodiment of the invention, 
only the second rubber material is successively extrud- 
ed through the extruder while holding the same extru- 
sion sectional shape and helically wound on the second 
rubber layer so as to overlap with at least a part of the 
second rubber layer to form a third rubber layer. 
[0014] In another preferable embodiment of the in- 
vention, the second rubber material and a third rubber 
material are successively extruded through the extruder 
so as to stepwise or gradually increase a blending ratio 
of the third rubber material to the second rubber material 
while holding the same extrusion sectional shape and 
helically wound on the third rubber layer while overlap- 
ping with at least a part of the third rubber layer to form 
a fourth rubber layer. 

[0015] In the other preferable embodiment of the in- 
vention, only the third rubber material is successively 
extruded through the extruder while holding the same 
extrusion sectional shape and helically wound on the 
fourth rubber layer so as to overlap with at least a part 
of the fourth rubber layer to form a fifth rubber layer. 
[0016] In a further preferable embodiment of the in- 
vention, the rubber material extruded through the ex- 
truder as a band-shaped rubber member is helically 
wound on the rotating support along a rotating axial di- 
rection of the support so as to overlap at least widthwtse 
edge portions of the wound rubber members with each 
other. 

[0017] In a still further preferable embodiment of the 
invention, two or more rubber materials have such a 
property that at least one of 100% modulus and 300% 
modulus after the curing differs by not less than 1 .0 MPa 
between the two rubber materials to be extruded. 
[0018] When two rubber materials are used as a rub- 
ber composition for innerliner for the cured tire, the first 
rubber material is at least one of an air-impermeable hal- 
ogenated butyl rubber composition and butyl rubber 
composition, and the second rubber material is at least 
one of a natural rubber composition and a natural rubber 
based synthetic rubber composition. 
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[0019] Among three rubber materials, the first rubber 
material is a rubber composition for a tread under cush- 
ion in the cured tire, the second rubber material is a rub- 
ber composition for a tread base, and the third rubber 

5 material is a rubber composition for a tread cap. 

[0020] Among three rubber materials, the first rubber 
material is a rubber composition for a bead filter in the 
cured tire, the second rubber material is a rubber com- 
position for a sidewall and the third rubber material is a 

10 rubber composition for a rubber chafer. 

[0021] According to a second aspect of the invention, 
there is the provision of an apparatus for laminating 
band-shaped uncured rubber materials to form a lami- 
nated rubber member, comprising a rotatable support to 

is be wound on its surface with a band-shaped uncured 
rubber material, an extruder feeding a band-shaped un- 
cured rubber material to the surface of the support, and 
two or more rubber material feeding devices individually 
feeding two or more kinds of rubber materials to the ex- 

20 truder, in which each of the rubber material feeding de- 
vices is provided with a feed control means for weighing 
a weight of a rubber material and adjusting a feeding 
quantity of a rubber material per unit time. 
[0022] In a preferable embodiment of the invention, 

25 the extruder is provided with a control means for con- 
trolling feed time and feed stop time of the rubber ma- 
terial weighed through the feed control means to the ex- 
truder. 

[0023] In another preferable embodiment of the in- 
30 vention, at least one of the support and the extruder is 
provided with a moving mechanism capable of relatively 
moving along a rotating axis of the support. 
[0024] The invention will be described with reference 
to the accompanying drawings, wherein: 

35 

Fig. 1 is a diagrammatically side view illustrating an 
outline of an apparatus for laminating band-shaped 
uncured rubber materials according to the inven- 
tion; 

AO Fig. 2 is a diagrammatically section view of a first 
embodiment of the laminated rubber member; 
Fig. 3 is a graph showing a relation between feeding 
ratio and feeding time In rubber materials fed for the 
formation of the first laminated rubber member 

« shown in Fig. 2; 

Fig. 4 is a diagrammatically section view of a sec- 
ond embodiment of the laminated rubber member; 
Fig. 5 is a graph showing a relation between feeding 
ratio and feeding time in rubber materials fed for the 

50 formation of the second laminated rubber member 
shown in Fig. 4; 

Fig. 6 is a diagrammatically section view of a third 
embodiment of the laminated rubber member; 
Fig. 7 is a graph showing a relation between feeding 
55 ratio and feeding time in rubber materials fed for the 
formation of the third laminated rubber member 
shown in Fig. 6; 

Fig. 8 is a diagrammatically section view of a fourth 
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embodiment of the laminated rubber member; 
Fig. 9 is a graph showing a refation between feeding 
ratio and feeding time in rubber materials fed for the 
formation of the fourth laminated rubber member 
shown in Fig. 8; 5 
Fig. 10 is a schematic view illustrating modulus dis- 
tribution of rubber materials after the curing of the 
fourth laminated rubber member shown in Fig. 8; 
Fig. 11 is a diagrammatically left-half section view 
of an embodiment of the pneumatic tire according to 
to the invention; and 

Fig. 12 is a diagrammaticaiiy section view of an em- 
bodiment of the engine mount block according to 
the invention. 

15 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0025] As shown in Fig. 1, the apparatus for laminat- 
ing band-shaped uncured rubber materials accord ing to 
the invention comprises a combination of a support 1 20 
and an extruder 2. 

[0026] The support 1 is attached to a shaft 1 a rotating 
by a driving source (not shown). The support 1 is a form- 
ing drum, maintermediate body formed by winding a part 
of uncured rubber material, uncured rubberized cords 25 
and the like on the forming drum, a base tire for retread- 
ing and so on. Moreover, a base tire is a tire obtained 
by removing a remaining tread rubber or the like from a 
used tire. 

[0027] A band-shaped uncured rubber material is 30 
wound on a surface of the support. In this case, an ex- 
truder 2 is arranged so as to locate a band-shaped rub- 
ber material feeding portion 2a of the extruder 2 in the 
vicinity of the surface of the support 1. The feeding por- 
tion 2a is provided with a usual extrusion die or a pair of 35 
upper and lower roll dies instead of the extrusion die. 
[0028] The extruder 2 Is provided with two or more 
rubber material feeding devices, three feeding devices 
3a, 3b, 3c individually feeding three uncured rubber ma- 
terials A, B f C in the illustrated embodiment. And also, *o 
the rubber material feeding devices 3a, 3b, 3c are pro- 
vided with a feed control means 4 for individually adjust- 
ing feeding quantities of the rubber materials A, B, C, 
respectively. Each of the rubber materials A, B, C 
passed through the feed control means 4 is fed into the 45 
extruder 2 through a hopper and feeder 5. 
[0029] Furthermore, the extruder 2 is provided with a 
control means (not shown) for controlling feed time and 
feed 'stop time of each of the rubber materials A, B, C 
weighed through the feed control means 4 to the extrud- so 
er2. 

[0030] Moreover, the extruder 2 is provided with a 
straight line moving mechanism 6. The moving mecha- 
nism 6 straightforward moves the extruder 2 along a 
central axis line X of a rotating axis 1 a of the support 1 . ss 
By this moving mechanism is helically and continuously 
wound a band-shaped uncured rubber material extrud- 
ed from the feeding portion 2a of the extruder 2 on the 



surface of the support 1 . 

[0031] The support 1 may be provided with a straight 
line moving mechanism instead of the moving mecha- 
nism 6. Further, if the surface of the support is a curved 
surface having a large curvature, the extruder 2 is pro- 
vided with a turning mechanism (not shown) in addition 
to the moving mechanism 6. The turning mechanism 
turns the top of the feeding portion 2a along the curved 
surface of the support 1. 

[0032] In the lamination apparatus, a guide roller 7 is 
arranged ahead the feeding portion 2a of the extruder 
2. The guide roller 7 guides the band-shaped uncured 
rubber material extruded from the feeding portion 2a to 
a given position on the surface of the rotating support 1. 
[0033] The method of laminating band-shaped un- 
cured rubber materials extruded from the extruder 2 on 
the rotating support 1 will be described below. 
[0034] The rubber materials A, B, C fed to the extruder 
2 are rubber compositions having such a property that 
at least one of 100% modulus and 300% modulus after 
the curing differs by not less than 1.0 MPa between the 
two rubber materials to be extruded. That is, when the 
rubber material is fed to the extruder 2 in the order of 
rubber material A, rubber material B and rubber material 
C, the difference of modulus is not less than 1.0 MPa 
between the rubber materials A and B, and the differ- 
ence of modulus is not less than 1 .0 MPa between the 
rubber materials B and C. Either one of two rubber ma- 
terials has a larger modulus. 

[0035] At first, a first rubber material A is fed to the 
extruder 2 and extruded from the feeding portion 2 in 
form of a band-shaped uncured rubber material A, which 
is helically and successively wound on the rotating sup- 
port 1 to form a first rubber layer A. Subsequently, a 
blend (A+B) of the first rubber material A and a second 
rubber material B is continuously fed to the extruder 2 
and extruded from the feeding portion 2a of the extruder 
2 in form of a band-shaped uncured rubber blend (A+B) 
while holding the same extrusion sectional shape, which 
is helically and successively wound on the first rubber 
layer to form a second rubber layer (A+B). Thus, a first 
laminated rubber member {A+(A+B)> is formed. 
[0036] In this case, a blending ratio of the second rub- 
ber material B to the first rubber material A is stepwise 
and/or gradually increased. In the formation of the lam- 
inated rubber member as mentioned later, the blending 
ratio of the rubber materials is the same increment as 
mentioned above. 

[0037] The helical windings of the band-shaped un- 
cured rubber material A and the band-shaped uncured 
rubber blend (A+B) on the rotating support 1 are as fol- 
lows. That is, the band-shaped uncured rubber material 
A or the band-shaped uncured rubber blend (A+B) is 
helically and successively wound on the rotating support 
1 along a direction of an axial line X of a rotating axis 1a 
of the support 1 so as to overlap at least wtdthwise edge 
portions of the wound rubber materials with each other 
to form the first rubber layer A or the second rubber layer 
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(A+B). Similarly, the rubber blend (A+B) is overlapped 
with at least a part of the first rubber layer A. 
[0038] In Fig. 2 is shown a first laminated rubber mem- 
ber comprised of the first rubber layer A and the second 
rubber layer (A+B) formed by the method according to s 
the invention at a section taken in the direction of the 
axial line X of the support 1. The band-shaped un cured 
rubber material A and the band-shaped uncured rubber 
blend (A+B) are helically wound on the rotating support 

1 at a relatively small winding pitch p by starting the io 
winding from a right side in the drawing. The lamination 
form is so-called ribbon laminated form or may be a mo- 
saic form as mentioned later. 

[0039] In Fig. 3 is shown a relation between feeding 
ratio (%) and feeding time (t) of the rubber materials A *5 
and B fed to the extruder 2 in the formation of the first 
laminated rubber member shown in Fig. 2. As shown in 
Fig. 3, only the rubber material A is fed to the extruder 

2 from a feeding start time to to a feeding time t t . At the 
feeding time t v the feeding of the rubber material B is 20 
started to form a rubber blend (A+B). A total feeding 
quantity of each of the rubber materials A and B is 100% 
from the feeding start time to to feeding end time tg. 
Moreover, the feeding quantity is volume. 

[0040] After the formation of the first laminated rubber 25 
member {A+(A+B)>, only the rubber material B is con- 
tinuously extruded from the extruder 2 while holding the 
same extrusion sectional shape as in the rubber blend 
(A+B). The thus extruded band-shaped uncured rubber 
material B is helically and successively wound on the 30 
first laminated rubber member (A+(A+B)} to form a third 
rubber layer B, whereby a second laminated rubber 
member {A+(A+B)+B} is formed. In this case, the rubber 
material B is overlapped with at least a part of the sec- 
ond rubber layer (A+B). 35 
[0041] In Fig. 4 is shown the second laminated rubber 
member formed as mentioned above at a section taken 
in the direction of the axial line X of the support 1 . Fig. 
5 shows a relation between feeding ratio (%) and feed- 
ing time (t) of the rubber materials A and B fed to the *o 
extruder 2 in the formation of the second laminated rub- 
ber member shown in Fig. 4. As shown in Fig. 5, the 
feeding of the rubber material B starts at the feeding time 
t 1( white the feeding of the rubber material A stops at the 
feeding time t 2 . A total feeding quantity of each of the 45 
rubber materials A and B is 100% from the feeding start 
time tg to feeding end time 

[0042] After the formation of the second laminated 
rubber member fA+(A+B)+B), a blend (B+C) of the sec- 
ond rubber material B and a third rubber material C is so 
subsequently and continuously fed to the extruder 2 and 
extruded from the feeding portion 2a of the extruder 2 
in form of a band-shaped uncured rubber blend (B+C) 
while holding the same extrusion sectional shape, which 
is helically and successively wound on the second lam- 55 
inated rubber member {A+(A+B)+B} to form a fifth rub- 
ber layer (B+C). Thus, a third laminated rubber member 
(A+(A+B)+B+(B+C)} is formed. 



[0043] The blending of the rubber material C to the 
rubber material B and the helical winding of the band- 
shaped uncured rubber blend (B+C) are substantially 
the same as in the formation of the second rubber layer. 
[0044] In Fig. 6 is shown the third laminated rubber 
member formed as mentioned above at a section taken 
in the direction of the axial line X of the support 1. Fig. 
7 shows a relation between feeding ratio (%) and feed- 
ing time (t) of the rubber materials A, B and C fed to the 
extruder 2 in the formation of the third laminated rubber 
member shown in Fig. 6. As shown in Fig. 7, the feeding 
of the rubber material B starts at the feeding time t 1t 
while the feeding of the rubber material A stops at the 
feeding time t 2 and the feeding of the rubber material C 
starts at the feeding time t 3 . A total feeding quantity of 
each of the rubber materials A, B and C is 100% from 
the feeding start lime to to feeding end time %. 
[0045] After the formation of the third laminated rub- 
ber member (A+(A+B)+B+(B+C)}, only the rubber ma- 
terial C is continuously extruded from the extruder 2 
white holding the same extrusion sectional shape as in 
the rubber blend (B+C). The thus extruded band-shaped 
uncured rubber material C is helically and successively 
wound on the third laminated rubber member (A+(A+B) 
+B+(B+C)} to form a fifth rubber layer, whereby a fourth 
laminated rubber member {A+(A+B)+B+(B+C)+C} is 
formed. In this case, the rubber material C is overlapped 
with at least a part of the fourth rubber layer (B+C). 
[0046] In Fig. 8 is shown the fourth laminated rubber 
member formed as mentioned above at a section taken 
in the direction of the axial line X of the support 1. Fig. 
9 shows a relation between feeding ratio (%) and feed- 
ing time (t) of the rubber materials A, B and C fed to the 
extruder 2 in the formation of the fourth laminated rubber 
member shown in Fig. 8. As shown in Fig. 9. the feeding 
of the rubber material B starts at the feeding time t, , and 
the feeding of the rubber material A stops at the feeding 
time t 2 , while the feeding of the rubber material C starts 
at the feeding time t 3 and the feeding of the rubber ma- 
terial B stops at the feeding time V A total feeding quan- 
tity of each of the rubber materials A, B and C is 100% 
from the feeding start time Xq to feeding end time ^ 
[0047] In the formation of the laminated rubber mem- 
bers as mentioned above, the rubber materials A, B, and 
C are not necessarily the same rubber compositions be- 
tween the two different laminated rubber members. The 
feeding time, change of feeding quantity of the rubber 
material with the lapse of the feeding time and the feed- 
ing stop time are controlled by the feed control means 
4 and the control means. 

[0048] The above lamination methods have the fol- 
lowing effects (1)-(6). 

(1) As shown in Fig. 10, a large step difference of 
rigidity is caused between adjoining rubbers And B 
and between adjoining rubbers B and C in the con- 
ventional laminated rubber member after the cur- 
ing. On the contrary, according to the invention, the 
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step difference of rigidity between the adjoining rub- 
bers can be solved as shown by a curved line in Fig. 
10. As a result, the occurrence of troubles such as 
peeling, separation and the like at the boundary 
face between the adjoining rubbers can be prevent- s 
ed and the durability of the laminated rubber mem- 
ber can largely be improved. 

(2) In the conventional technique, there is a problem 
that poor adhesion of a rubber material to the other 
rubber material between the adjoining rubbers A *o 
and B or between the adjoining rubber B and C is 
caused due to the lacking of green tackiness In the 
formation, which can be completely solved by the 
lamination method according to the invention. As a 
result, there is no occurrence of unacceptable pro- 
duction based on the poor adhesion at the uncured 
state. 

(3) In the conventional technique, for example, 
when one of the two adjoining rubbers is a halogen- 
ated butyl rubber composition or a butyl rubber 
composition and the other adjoining rubber Is a nat- 
ural rubber-based (NR) composition, isoprene rub- 
ber-based (IR) composition, styrene-butadienerub-. 
ber-based (SBR) composition or a blend thereof, 
the adhesion force after the curing becomes con- 
siderably insufficient However, according to the 
lamination method of the invention, the sufficiently 
strong adhesion force can be obtained even in any 
kind of rubber materials. 

(4) The band-shaped uncured rubber material to be 
helically wound on the rotating support 1 can be ex- 
truded through the extruder 1 while easily and con- 
tinuously changing the kind of the rubber material. 
As a result, it is easy to completely automate the 
formation of the laminated rubber member and the 
total step number required for such a formation can 
largely be reduced and the productivity is consider- 
ably improved. 

(5) The gauge and width of each band-shaped un- 
cured rubber material can be set properly. And also, 
the finished sectional shape of the band-shaped un- 
cured rubber material can be realized in a desired 
form at a high accuracy and high efficiency by ap- 
proaching the top of the feeding portion 2a of the 
extruder 2 to the rotating support 1, partly overlap- 
ping the helically wound rubber materials with each 
other in the widthwise direction, and overlapping the 
winding rubber material with at least a part of the 
previously wound rubber material. 

(6) A blend rubber region is formed in the laminated 
rubber member after the curing, so that an optimum 
property plan can be independently applied to each 
of the rubber materials A. B and C without taking 
care of properties of an adjoining rubber and the 
like. As a result, the laminated rubber member after 
the curing can ideally develop the higher properties. 

[0049] An example of applying the lamination method 



of band-shaped uncured rubber materials according to 
the invention to a pneumatic tire will be described with 
reference to Fig. 11. 

[0050] As shown in Fig. 11, the tire 10 comprises a 
pair of bead portions 11, a pair of sidewall portions 12, 
and a tread portion 13. And also, the tire 10 comprises 
a radial carcass 15 of one or more rubberized plies ex- 
tending between the pair of the bead portions 11 em- 
bedding a pair of bead cores 14 therein and reinforcing 
the portions 11, 12, 13 and a belt 16 superimposed 
about the radial carcass 15 and reinforcing the tread 
portion 13. An end portion of the radial carcass 15 is 
terminated between the pair of the bead cores 14. 
[0051] Furthermore, the tire 10 has an innerliner rub- 
ber 20 as an inside rubber member and a bead filler rub- 
ber 21 as an inner reinforcing rubber member from the 
bead portion 11 to the sidewall portion 12. And also, the 
tire 10 has sometimes a mini-sidewall rubber 22 medi- 
ating between the sidewall rubber 18 and a tread rubber 
19 as an outer rubber member. 

[0052] In general, the tread rubber 19 has a multilayer 
structure comprised of a tread under cushion rubber 23 
for ensuring the adhesion to the belt 16 t a tread base 
rubber 24 as a middle layer and a tread cap rubber 25. 
[0053] Almost all of the pneumatic tires for automo- 
biles are tubeless tires. An important basic property re- 
quired for the tubeless tire is airtightness for air filled 
inside the tire. For this end, at least one of air-imperme- 
able halogenated butyl rubber composition and butyl 
rubber composition is used as the innerliner rubber 20. 
[0054] On the other hand, a coating rubber for rein- 
forcing cords in the radial carcass 15 is NR-based, IR- 
base or SBR-based rubber composition. Such a rubber 
composition is poor in the adhesion property to the hal- 
ogenated butyl rubber composition or the butyl rubber 
composition after the curing and hence the peeling is 
frequently caused between the two rubbers. Therefore, 
either of the first laminated rubber member {A+(A+B)} 
and the second laminated rubber member {A+(A+B)+B} 
as mentioned above is applied to the innerliner rubber 
20. In this case, the rubber material A and the rubber 
material (A+B) or the rubber material (A+B) and the rub- 
ber material B are overlapped with each other over an 
approximately full region. 

[0055] The NR-based, IR-based or SBR-based rub- 
ber composition is used as the rubber material A, while 
the halogenated butyl rubber composition or the butyl 
rubber composition is used as the rubber material B. 
Thus, the properties of the rubber composition located 
near to the radial carcass 15 approach to those of the 
coating rubber for the reinforcing cords. As a result, 
there can be prevented the peeling between the coating 
rubber for the reinforcing cords and the innerliner rubber 
20. Moreover, the coating rubber for the reinforcing 
cords has 100% modulus and 300% modulus higher by 
not less than 1 MPa than those of the halogenated butyl 
rubber composition or the butyl rubber composition. 
[0056] In an ct-region (toe portion) shown by a circle 
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of a dot-dash line in Fig. 11 is existent a boundary face 
between a super-hard chafer rubber 17 having an ex- 
cellent resistance to rim slippage and the soft innerliner 
rubber 20, so that the toe breakage is apt to be caused 
in the assembling and dissembling of the tire 1 0 to a rim. 
For this end. either of the third laminated rubber member 
{A+(A+B)+B+(B+C)} and the fourth laminated rubber 
member {A+(A+B)+B+(B+C)+C} is applied to the chafer 
rubber 17. 

[0057] In this case, the above second laminated rub- 
ber member {A+(A+B)+B) is applied to the innerliner 
rubber 20, and thereafter BR-based rubber composition 
for the chafer rubber 17 is used as the rubber material 
C to form the third laminated rubber member {A+{A+B) 
+B+(B+C)} or the fourth laminated rubber member {A+ 
(A+B)+B+(B+C)+C). In the latter case, the rubber ma- 
terial (B+C) or {(B+C)+C} is overlapped with a part of 
both sides of the second laminated rubber member {A+ 
(A+B)+B). Moreover, 100% modulus of the chafer rub- 
ber 17 is 4.0-8.0 MPa and is higher by not less than 1 
MPa than 100% modulus of the rubber material B after 
the curing. Thus, the toe breakage can be avoided. 
[0058] In a p-region shown by a circle of dot-dash line 
in Fig. 11 is created a large bending strain under loading 
applied to the tire 10. On the other hand, the sidewall 
rubber 18 having excellent weather resistance and 
bending resistance has 100% modulus of 1.0-2.5 MPa. 
while the bead filler rubber 21 for reinforcing the bead 
portion 11 has 100% modulus of 5.0-10.0 MPa. As a re- 
sult, the p-region indicates a modulus distribution shown 
in Fig. 10 in the direction of the rubber gauge, so that 
the peeling at the rubber boundary face is frequently 
caused in the p-region due to the step difference of mod- 
ulus shown in Fig. 10. 

[0059] According to the invention, therefore, the 
fourth laminated rubber member {A+(A+B)+B+(B+C) 
+C} is applied to the bead filler rubber 21, sidewall rub- 
ber 1 8 and chafer rubber 17, wherein the rubber material 
A is a rubber composition for the bead filler 21 , the rub- 
ber material B is a rubber composition for the sidewall 
rubber 18 and the rubber material C is a rubber compo- 
sition for the chafer rubber 17. When using the fourth 
laminated rubber member, the modulus distribution be- 
comes curved line as shown in Fig. 10 and hence the 
step difference of modulus is actually removed and the 
peeling at the rubber boundary face hardly occurs. Even 
in this case, the rubber materials to be laminated are 
partly overlapped with each other. 
[0060] In a y-reajon shown by a circle of dot-dash line 
in Fig. 11 is created a large strain under loading applied 
to the tire 1 0. On the other hand. 300% modulus is 1 5-1 8 
MPa in the same kind of the tread under cushion rubber 
23 as a high modulus coating rubber suitable for steel 
cords, 5-12 MPa in the tread base rubber 24 being rich 
in the cushionability, and 7-13 MPa in the tread cap rub- 
ber 25 having excellent wear resistance and steering 
stability. In fact, the modulus difference between the ad- 
joining rubbers is not less than 1.0 MPa. Therefore, the 
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-^region indicates a modulus distribution shown in Fig. 
10 in the direction of the rubber gauge, so that the peel- 
ing at the rubber boundary face is frequently caused in 
the Y-region due to the step difference of modulus shown 
in Fig. 10. 

[0061] For this end, the fourth laminated rubber mem- 
ber is applied to the tread rubber 1 9, wherein the rubber 
material A is a rubber composition for the tread under 
cushion rubber 23, the rubber material B is a rubber 
composition for the tread base rubber 24 and the rubber 
material C is a rubber composition for the tread cap rub- 
ber 25. When using the fourth laminated rubber mem- 
ber, the modulus distribution becomes curved line as 
shown in Fig. 10 and hence the step difference of mod- 
ulus is actually removed and the peeling at the rubber 
boundary face hardly occurs. In this case, the rubber 
• materials to be laminated are overlapped with each oth- 
er over an approximately full width. 
[0062] As a modified embodiment, a fifth laminated 
rubber member may be formed by using a rubber ma- 
terial D as a rubber composition for the minl-sidewall 
rubber 22 having an excellent conductivity. In this case, 
the rubber material D is a rubber composition for the 
sidewall rubber 18. A rubber layer made of the rubber 
material D is overlapped with a part of both sides of the 
other laminated rubber members. 
[0063] As another embodiment of the invention, Fig. 
12 diagrammaticaliy shows a section of an engine 
mount block 30 used in an automobile. The engine 
mount block 30 is required to use a rubber having a vi- 
bration damping effect as high as possible on one hand 
and a rubber having an excellent weather resistance on 
the other hand. Therefore, the second laminated rubber 
member {A+(A+B)+B} is applied to the engine mount 
block 30. 

[0064] That is, the rubber material A as a rubber com- 
position having an excellent weather resistance is used 
in an outer rubber of the engine mount block 30 and the 
rubber material B as a rubber composition having a high 
vibration damping effect is used in an inner rubber there- 
of. Thus, the performances required in the engine mount 
block can sufficiently be attained by using the rubber 
materials having conflicting rubber properties. Even in 
this case, the rubber material A, rubber blend (A+B) and 
rubber material B are overlapped with each other over 
an approximately full region. 

[0065] The lamination method according to the inven- 
tion as previously mentioned is applicable to a rubber 
vibration isolator, a marine fender and the like.in addi- 
tion to the engine mount block 30. 
[0066] As mentioned above, according to the inven- 
tion, there can be provided a method of laminating band- 
shaped uncured rubber materials with a high productiv- 
ity in the production of tire and other rubber composites 
which can simultaneously establish the holding of suffi- 
cient durability of the tire or other rubber composite and 
the application of optimum planned rubber composition 
to each rubber member under the forming automation 
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in space saving and easily realize high-accuracy desir- 
able sectional shape and arrangement of each rubber 
member. 

[0067] Furthermore, the invention can provide an ap- 
paratus for laminating band-shaped uncured rubber ma- 
terials in a low cost which has a simple and compact 
structure and can surely realize the lamination method 
as mentioned above. 



Claims 

1 . A method of laminating band-shaped uncured rub- 
ber materials to form a laminated rubber member 
having a given sectional shape by helically winding 
a band-shaped uncured rubber material extruded 
through an extruder (2) on a rotating support (1). 
using two or more rubber compositions exhibiting 
different moduli after curing as a rubber material fed 

to the extruder (2), the method comprising: 
« 

extruding a first rubber material (A) through the 
extruder (2) and helically winding it on the ro- 
tating support (1 ) to form a first rubber layer (A), 
and 

continuously extruding the first rubber material 
(A) and a second rubber material (B) through 
the extruder (2) so as to stepwise or gradually 
increase the blending ratio of the second rubber 
material (B) to the first rubber material (A) while 
holding the same extrusion sectional shape 
and helically winding on the first rubber layer 
(A) while overlapping with at least a part of the 
first rubber layer (A), to form a second rubber 
layer (A+B). 

2. A method according to claim 1, further comprising 
successively extruding only the second rubber ma- 
terial (B) through the extruder (2) while holding the 
same extrusion sectional shape and helically wind- 
ing on the second rubber layer (A+B) so as to over- 
lap with at least a part of the second rubber layer 
(A+B), to form a third rubber layer (B). 

3. A method according to claim 2, further comprising 
successively extruding the second rubber material 
(B) and a third rubber material (C) through the ex- 
truder (2) so as to stepwise or gradually increase 
the blending ratio of the third rubber material (C) to 
the second rubber material (B) while holding the 
same extrusion sectional shape and helically wind- 
ing on the third rubber layer (B) while overlapping 
with at least a part of the third rubber layer (B), to 
form a fourth rubber layer (B+C). 

4. A method according to claim 3, further comprising 
successively extruding material (C) through the ex- 
truder (2) while holding the same extrusion section- 



al shape and helically winding on the fourth rubber 
layer (B+C) so as to overlap with at least a part of 
the fourth rubber layer (B+C), to form a fifth rubber 
layer (C). 

5 

5. A method according to any preceding claim, where- 
in the rubber material extruded through the extruder 
(2) as a band-shaped rubber member is helically 
wound on the rotating support (1) along a rotating 

10 axial direction of the support (1) so as to overlap at 
least widthwise edge portions of the wound rubber 
member with each other. 

6. A method according to any preceding claim, where- 
15 in two or more rubber materials are used which 

have such a property that at least one of the 100% 
modulus and the 300% modulus after curing differs 
by not less than 1.0 MPa between the rubber ma- 
terials. 

20 

7. A method according to any of claims 1 to 6, wherein 
when two rubber materials are used as a rubber 
composition for an inneriiner (20) for a cured tire, 
one rubber material is at least one of an air-irnper- 

25 meable haiogenated butyl rubber composition and 
butyl rubber composition, and the other rubber ma- 
terial is at least one of a natural rubber composition 
and a natural rubber based synthetic rubber com- 
position. 

30 

8. A method according to any of claims 3 to 6, wherein 
among the three rubber materials (A.B.C), the first 
rubber material (A) is a rubber composition for a 
tread under cushion (23) in a cured tire, the second 

35 rubber material (B) is a rubber composition for a 
tread base (24), and the third rubber material (C) is 
a rubber composition for a tread cap (25). 

9. A method according to any of claims 3 to 6, wherein 
40 among the three rubber materials (A.B.C), the first 

rubber material (A) is a rubber composition for a 
bead filler (2) in a cured tire, the second rubber ma- 
terial (B) is a rubber composition for a sidewall (1 8), 
and the third rubber material (C) is a rubber com- 
45 position for a rubber chafer (1 7). 

10. Apparatus for laminating band-shaped uncured 
rubber materials to form a laminated rubber mem- 
ber, comprising an extruder (2) for feeding a band- 
so shaped uncured rubber material to the surface of a 

rotatable support (1) to be wound on its surface with 
the band-shaped uncured rubber material, and two 
or more rubber material feeding devices (3a.3b.3c) 
for individually feeding two or more kinds of rubber 
55 materials (A.B.C) to the extruder (2), in which each 
of the rubber material feeding devices (3a,3b,3c) is 
provided with feed control means (4) for weighing 
the rubber material and adjusting the feeding quan- 
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tity of rubber material per unit time. 

11. Apparatus according to claim 10, wherein the ex- 
truder (2) is provided with control means for control- 
ling feed time and feed stop time of the rubber ma- 5 
terial weighed through the feed control means (4) 

to the extruder (2). 

12. Apparatus according to claim 10 or 11, including a 
moving mechanism (6) capable of moving at least to 
one of the extruder (2) and the support (1) relatively 
along a rotating axis (1a) of the support (1). 
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